The main focus of this study was to identify sow gestation features that affect growth rate (GR) and feed intake (FI) of their offspring during grower-finishing stage. Because the sow provides a specific environment to her offspring during gestation, certain features (e.g., BW of the sow), feed refusals or gestation group, may affect her ability to deliver and feed a healthy litter. Data on 17,743 grower-finishing pigs, coming from 604 sires and 681 crossbred sows, were obtained from the Institute for Pigs Genetics. Sow gestation features were collected during multiple gestations and divided into 3 clusters describing i) sow body condition (i.e., BW, backfat, and gestation length), ii) sow feed refusals (FR), the difference between offered and eaten feed during 3 periods of gestation: 1 to 28, 25 to 50, 45 to 80 d, and iii) sow group features (i.e., number of sows, and average parity). Sow gestation features were added to the base model 1 at a time to study their effect on GR and FI. Significant gestation features (P < 0.1) were fitted simultaneously in animal model to investigate Gestation features did explain phenotypic variance due to permanent sow and part of phenotypic variance due to common litter effects for FI but not for GR.
InTRoduCTIon
In genetic studies, the environmental effects of a sow on her piglets are known as permanent sow and common litter effects (Chen et al., 2002; Kuhlers et al., 2003) . Those effects indicate the nongenetic effect of a sow on performance of her offspring (e.g., Kaufmann et al., 2000) . Causal mechanisms underlying those effects are largely unknown. Thus far, Sell-Kubiak et al. (2012) used features from life of the sow before the first insemination (history features), which can affect her entire reproductive performance and therefore the offspring, to explain those mechanisms. Results showed that sow history features had a small effect on growerfinishing pig traits and explained part of permanent sow effect in feed intake but not common litter effect.
In this work, we aim to further investigate the mechanisms underlying the observed permanent sow and common litter effects, focusing on the gestation period. During gestation, a sow has environmental and genetic effects on her offspring. To describe the environment that the sow provided to her offspring during each gestation, we defined 3 clusters of sow gestation features. The clusters describe i) body condition of a sow in gestation (i.e., BW, backfat, and gestation length), ii) sow feed refusals (i.e., difference among feed offered and eaten), and iii) sow group features (i.e., number of sows, and average parity).
The first objective of this study is to identify gestation features of individually and group-housed sows that affect offspring performance as grower-finishing pigs. These features are identified by estimating their effect on growth rate and feed intake of grower-finishing pigs. The second objective is to investigate whether those gestation features can explain the permanent sow and common litter effects in grower-finishing traits.
MATERIAlS
Under Dutch law, Animal Care and Use Committee approval was not required for this study, because the data were obtained from the preexisting database of TOPIGS (Beuningen, The Netherlands), which contains the data collected routinely for breeding value estimation.
Grower-finishing Pigs
Data on grower-finishing pigs were obtained from the research farm of the TOPIGS Research Center IPG (Beuningen, The Netherlands). These are the same data that were previously used by Sell-Kubiak et al. (2012) ; note that the sow data differ from that study. The farm has a farrow-to-finish structure, with 180 crossbred sows and rotational use of 6 sire lines in a 3-wk batch management of farrowing. The number of growerfinishing pigs per cross is presented in Table 1 .
Records from 17,743 grower-finishing pigs, coming from 604 sires and 681 sows, were collected between May 2001 and February 2010. In each batch, part of the grower-finishing pigs was fed ad libitum. Their feed intake was recorded using IVOG feeding stations (Insentec B.V., Marknesse, The Netherlands). Overall 7,529 grower-finishing pigs were fed ad libitum whereas the remaining 10,214 were fed restricted at group level. Individual feed intake was not available for restricted fed animals. The barn in which the grower-finishing pigs were kept contained 18 compartments (7 for ad libitum and 11 for restricted fed animals) with 6 pens in each compartment. Further details on feed and farm management can be found in Sell-Kubiak et al. (2012) .
This study focused on 2 grower-finishing traits: growth rate and feed intake. Those traits were chosen based on preliminary analyzes, which indicated high estimates of common litter effect (approximately 10% of phenotypic variance). As a result of 2 feeding strategies and to investigate if the grower-finishing pigs fed restricted or ad libitum are affected in the same way by the sow gestation features, in total 4 traits were distinguished: growth rate (GR), GR of grower-finishing pigs fed restricted (GRrestr), GR of grower-finishing pigs fed ad libitum (GRadlib), and feed intake (FI). The descriptive statistics of grower-finishing pig traits are presented in Table 2 . Further details on the grower-finishing pig traits can be found in Sell-Kubiak et al. (2012) .
Sow Gestation Features
Data on sow gestation features contained records on 681 crossbred sows and were not previously used. The sows had been transferred as gilts to the research farm from 3 Grower-finishing pigs were fed ad libitum (n = 7,529) or restricted (n = 10, 214) at group level; individual feed intake was not available for restricted fed animals. 4 Total number of grower-finishing pigs was 17,743; 612 grower-finishing pigs not included in this table came from lines of low frequency.
5 commercial TOPIGS farms and were kept at the research farm as mothers until their sixth parity. During gestation, the sows were fed restricted based on the TOPIGS feeding curve; the amount of feed was assigned to a sow according to her parity and BW. The IVOG feeding stations ( Insentec) located in gestation pens recorded the actual amount of feed eaten by each sow on each day of gestation (up to a maximum amount of feed assigned to that sow). The sows produced 2,521 litters, 988 of which came from the sows kept in individual crates and the remaining 1,533 from group-housed sows. For better overview of sow gestation features, this study defines 3 clusters of gestation features that are described below.
The first cluster includes sow gestation features describing sow body condition during gestation (Table 3 ). All sows had gestation length recorded as well as BW and backfat thickness measured at the entrance to farrowing crate and after lactation. At the research farm, BW at insemination is not routinely recorded. Therefore, BW after the preceding lactation was used as a proxy for BW at insemination. This left the first parity sows without a record on insemination BW.
The second cluster includes sow gestation features describing the sow feed refusals (Table 4) . The focus in current study was on the effect of sow average amount (kg) of feed refusals (FR), the difference between offered feed and feed eaten by the sow, rather than on overall FI of a sow. The FR were available only for group-housed sows and were subdivided into 3 periods of gestation: 1 to 28 d, 25 to 50 d, and 45 to 80 d. The first gestation period covers successful insemination and embryo implementation (Mwanza et al., 2000; Razdan et al., 2004a,b) , so it is responsible for the sow reproductive performance. The second gestation period covers the formation of the primary muscle fibers and the third period covers the formation of secondary muscle fibers in the 2-phaseprocess of myogenesis in fetuses (McNamara et al., 2011) and so are responsible for the fetus development. The process of myogenesis does not have completely fixed time boundaries and the 2 phases may overlap. FR observations from a gestation period were used in the analyses if at least 70% of days had FR recorded.
The third cluster includes sow gestation features describing sow gestation group (Table 5) . Gestation groups (n = 81) were created from the sows inseminated within the similar period of time and contained information on gestation day sow entered group, number of sows, group 2 Gestation length = length of gestation; BW at insemination = BW of the sow at insemination; BW at farrowing = BW of the sow at farrowing; backfat at farrowing = backfat thickness of the sow at farrowing; BW after lactation = BW of the sow after lactation; backfat after lactation = backfat thickness of the sow after lactation; parturition-lactation BW loss = BW loss of the sow during lactation; parturition-lactation backfat loss = backfat thickness loss of the sow during lactation; previous parturition-lactation BW loss = BW loss of the sow during lactation before next insemination.
3 Without the first parity sows. average parity, and group average FR. During the first 28 d of gestation the group composition was stable. With time, the group composition changed; sows were removed from a group (because of return to estrus) or were mixed with another group. Therefore, this cluster included only observation on the first 28 d of gestation.
METHodS

Nongenetic Model
The first step in the analysis was to identify the sow gestation features that significantly affected growerfinishing traits. The impact of the sow gestation features on GR and FI of her offspring was investigated using adjusted model for grower-finishing traits as applied routinely by TOPIGS (Bergsma et al., 2008) . The fixed effects in the model varied depending on the analyzed trait (see models below). To quantify the effect of sow gestation features, they were added to the base model 1 at the time as a fixed effect. The significance of the sow gestation features (as addition to the base model) was determined using the MIXED procedure F-test (SAS Inst. Inc., Cary, NC). Addition of gestation features to the model did not affect the significance of the other fixed effects. The MIXED procedure was used to allow inclusion of random effects. Selection of random effects to the model was made by comparing the loglikelihoods with the χ 2 test.
The model for GR, GR-restr, and GR-adlib was y = µ + sow_feature + sex + line + npen_mates + compartment + sow + litter + group + batch_compartment + e, in which sow_feature refers to the sow gestation feature fitted into the model as linear, linear and quadratic, or class, npen_mates refers to number of pen mates in finishing stage group, and batch_compartment refers to the interaction of the batch in which the grower-finishing pig was born and the compartment in which the pen was located.
The model for FI was y = µ + sow_feature + BW_start + sex + line + npen_mates + compartment + sow + litter + group + batch_compartment + e, in which sow_feature refers to the sow gestation feature fitted into the model as linear, linear and quadratic, or class, and BW_start refers to BW of the grower-finishing pig at the beginning of finishing stage. For GR, GR-restr, and GR-adlib fixed effects were sex of the grower-finishing pig (male, female, and castrate), line of the grower-finishing pig (25 levels), number of pen mates (7 levels), and compartment of the barn in which the pen was located (18 levels). For FI, the model had an additional fixed effect of start BW (kg), the BW of the grower-finishing pig at the beginning of finishing stage. The random effects in the model were sow (i.e., biological dam), litter in which a growerfinishing pig was born, group in which grower-finishing pig was kept during finishing stage, and the interaction of the batch in which the grower-finishing pig was born and the compartment in which the pen was located.
Based on the results of the first step of the analyses, significant (P < 0.1) sow gestation features were selected to be used in the second step.
Genetic Model
The second step of the analyses was to investigate whether the significant sow gestation features could explain the observed common litter and/or permanent sow effects, taking into account the genetics of the growerfinishing pigs. For this purpose, the grower-finishing traits were reanalyzed using an animal model in ASReml (Gilmour et al., 2006) . To estimate the full magnitude of permanent sow and common litter effects, the initial model did not include sow gestation features (base model). Subsequently, the second model simultaneously included all significant gestation features for a trait ("all sow features" model). As common practice in animal breeding, the variances of common litter and permanent sow effects were expressed as fractions of phenotypic variance ( 2 p s ). Therefore, the magnitude of common litter 2 Gestation day sow entered group = gestation day when the sow is moved from individual crate to gestation group pen, counted from the day of insemination; average group parity = average parity in gestation group; deviation from group parity = difference between parity of the sow and the group mean; no. of sows in group = number of the sows in gestation group; no. of sows with FR = number of sows in gestation group with feed refusals (FR); ratio of sows with FR = ratio of sows in gestation group with feed refusals to total number of sows in a group; average group FR = average feed refusals in gestation group (from d 1 to 28 of gestation); group ratio of FR = gestation group ratio of feed refusals to offered feed (from d 1 to 28 of gestation).
effects was expressed as s is the variance of permanent sow effects. The difference in c 2 and the magnitude of permanent sow effects as (s 2 ) estimates between the model including and the model excluding sow gestation features reveals whether all significant gestation features together can explain those effects.
The animal model was
in which y is a vector of observations on a growerfinishing trait, X, Z, W, V, u, and T are known incidence matrices relating observations to fixed or random effects, b is a vector of fixed effects, a is a vector of random additive genetic effects, with a ~ N(0, A , and e is a vector of residuals, with e ~ N(0, I e 2 e s ). Identity matrices of the appropriate dimensions are I c , I s , I g , I bc , I e , and A is the numerator relationship matrix calculated from a pedigree containing 34,092 animals over 5 generations.
RESulTS And dISCuSSIon
In total, the effect of 32 different sow gestation features divided into 3 clusters (i.e., body condition, FR, and group features) on the offspring of the sow as grower-finishing pigs were studied. The significant sow gestation features and their effects are described in Table 6 and Table 7 .
This section will be divided into 2 parts: first, identification of gestation features that affect growerfinishing traits, and second, investigation of the impact of gestation features on permanent sow and common litter effects in grower-finishing traits.
Identification of Significant Sow Gestation Features
Sow Body Condition. In current study, the sow body condition during gestation was described by gestation length as well as BW and backfat thickness measured at the entrance to the farrowing crate and after lactation. Gestation length affected both GR and FI of growerfinishing pigs whereas BW of a sow (at insemination and farrowing and after lactation) affected the growth related traits (Table 6 ). Figure 1 shows the relation between traits of grower-finishing pigs and gestation length. According to the linear estimate, grower-finishing pigs (based on ad libitum fed animals) grow and eat more when the gestation length of their mother increases (Table 6) . Gestation length has a positive phenotypic correlation with individual/average birth weight of the piglets (Omtvedt et al., 1965; Rydhmer et al., 2008) and piglet birth weight has a large effect on overall performance of the pigs (Bee, 2004; Gondret et al., 2005; Foxcroft et al., 2006; Rehfeldt et al., 2008; Fix et al., 2010; Schinckel et al., 2010) . To better understand this effect, we performed an additional analysis in which gestation length and birth weight were simultaneously included in the model for grower-finishing traits and showed that the effect of gestation length was no longer significant. This suggests that the observed relationship between gestation length and GR of grower-finishing pig may work via effect of birth weight, which is related to longer gestation. 0.10 (0.05)** , 4 NS ***P < 0.01, ** P < 0.05, * P < 0.1. 1 Estimated effects for grower-finishing traits are in grams/day.
2 BW at insemination = BW of the sow at insemination; BW at farrowing = BW of the sow at farrowing; BW after lactation = BW of the sow after lactation; BW loss during lactation = BW loss of the sow during lactation.
3 GR = growth rate; GR-restr = growth rate of grower-finishing pigs fed restricted; GR-adlib = growth rate of grower-finishing pigs fed ad libitum; FI = feed intake.
4 Sow gestation features selected for the second step of analysis in model with all (significant) sow features per grower-finishing pig trait.
5 NS = not significant.
Sows that were heavier at insemination, at farrowing, and after lactation produced offspring that grew faster in the finishing stage (Table 6 ). As BW is a highly heritable trait, heavier sows on average produce heavier offspring. Therefore, the observed relationship between BW of sows and GR of offspring may be a combination of genetic effects and effects originating from the body condition of a sow.
It is a common practice to use lactation loss of BW and/or backfat to describe sow body condition. In current study, however, sow parturition-lactation BW and backfat loss had no effect on grower-finishing traits (results not shown). No effect of the BW/backfat loss could be caused by the fact that in the current study the BW/backfat of the sow at parturition and after lactation was used instead of the actual lactation BW/backfat loss.
Sow Feed Refusals. Sow FR data, collected under regular commercial circumstance, showed that sows did not eat the whole amount of offered feed during gestation. During 1 to 28 d of gestation 47% of the sows had at least 1 d with FR. During 25 to 50 d of gestation it was 26% and during 45 to 80 d of gestation it was 36% of the sows. The data used in the current study did not allow us to investigate the reason the sow had FR. Sow average FR during the first period of gestation did not significantly affected grower-finishing traits. During 25 to 50 d of gestation, days with FR and the ratio of days with FR affected grower-finishing traits (Table 7) . During the last period of gestation (45 to 80 d) all FR related gestation features affected grower-finishing traits (Table 7) .
All significant gestation features related to FR had a negative effect on GR of grower-finishing pigs (Table 7) . That was the case for both restricted and ad libitum fed grower-finishing pigs. Figure 2 shows the relation between GR traits of grower-finishing pigs and sow FR during 45 to 80 d of gestation. Increasing sow FR from that period of gestation decreased the GR of grower-finishing pigs, which may indicate an effect on grower-finishing pig muscle development during prenatal life. During myogenesis the fixed number of muscle fibers is created (Rehfeldt et al., 2008; McNamara et al., 2011) , and restrictive maternal nutrition during the fetus myogenesis can negatively affect this number (Ravelli et al., 1999; Bee, 2004) . The decreased number of muscle fibers is responsible for limiting the growth potential of the individual (Rehfeldt and Kuhn, 2006) . It is known that myogenesis in pigs has 2 phases: the first 1 takes place around 25 to 50 d of gestation and the second around 45 to 80 d of gestation (McNamara et al., 2011) . From literature it is unclear in which of the 2 phases of myogenesis FI of a sow is most crucial for growth of her offspring. In studies applying dietary treatments to sows in gestation, Nissen et al. (2003) and Bee (2004) found a negative effect of increased sow FI during early stages of gestation on the NS NS ***P < 0.01, ** P < 0.05, * P < 0.1 1 Estimated effects for grower-finishing traits are in g/day.
muscle development and growth of the smallest piglets. However, a positive effect of increased FI during later stage of gestation on offspring growth was also reported (Dwyer et al., 1994; Musser et al., 2006; McNamara et al., 2011 ) whereas Heyer et al. (2004 and Lawlor and Lynch. (2005) found no effect. In contrast to those studies, in the current study only the effect of sow FR (collected in commercial circumstances) rather than the effect of dietary treatments was investigated. Therefore, it is not possible to fully compare the current results with literature.
For FI an interesting pattern was observed in the relation with average FR (Fig. 3A) as well as days with FR ( Fig. 3B ) during 45 to 80 d of gestation. Sows that had substantially increased number of days with FR and average FR had offspring with increased FI. This was also observed for FR during 1 to 28 and 25 to 50 d of gestation (results not shown). This could suggest a phenomenon, called metabolic programming, that was investigated in studies on pigs (Bee, 2004; Rehfeldt and Kuhn, 2006) , sheep (Fahey et al., 2005; Costello et al., 2008) , and humans (Ravelli et al., 1999) and showed that offspring of mothers that experienced feed deficiency during gestation have decreased muscle mass and a tendency to obesity in adult life. Such offspring have increased FI that does not stimulate muscle growth but leads to increase in adipose tissue (Ravelli et al., 1999; Bee, 2004; Kind et al., 2005) . Additionally, in the current study the effect of sow average FR and days with FR on grower-finishing pig backfat thickness was investigated, but it was not significant. Also in the current study, the feed deficiency that the sow experienced was smaller than in the studies where metabolic programming was found. Still, the sows with the greatest average FR and number of days with FR produced offspring with increased FI and decreased GR. This would indicate the undesirable feed conversion ratio and to avoid it, FR during gestation should be limited.
Although sow FR during 1 to 28 d of gestation did not have a significant effect on grower-finishing traits (results not shown), this still requires a discussion. Results shown here indicate that even if sows do not eat the full amount of offered feed during 1 to 28 d of gestation (average ratio of FR was 5%; Table 4), on average the GR and FI of their offspring in finishing stage is not affected. The FR during 1 to 28 d of gestation were most probably caused by introducing sows to a new gestation group, which is a stressful moment for sows (discussed in the next section). Previous studies showed that the early gestation feed deficiency is the most crucial for the reproductive performance of the sow rather Figure 1 . The effect of gestation length as class variable (■), as a deviation from the class with most observations, 116 d, for: growth rate of growerfinishing pigs (P = 0.1; GR; g/day), growth rate of grower-finishing pigs fed restricted (P = 0.3; GR-restr; g/d), growth rate of grower-finishing pigs fed ad libitum (P = 0.01; GR-adlib; g/d), and feed intake of grower-finishing pigs (P = 0.2; FI; g/d). ▲: linear variable (GR: P = 0.04, GR-restr: P = 0.2, GR-adlib: P = 0.1, and FI: P = 0.007); •: linear and quadratic variable (GR: P = 0.09, GR-restr: P = 0.7, GR-adlib: P = 0.005, and FI: P = 0.1). Standard deviation of GR is GR σ = 95.4 and SD of FI is FI σ = 310. Significance level based on the MIXED procedure (SAS Inst. Inc., Cary, NC).
than offspring performance. Feed deficiency during the first 21 d of gestation affects hormone concentrations of sows and development and transport of embryos as well as placenta size (Mwanza et al., 2000; Razdan et al., 2004a,b) . In the current study, sows with FR during 1 to 28 d of gestation were still able to produce a regular litter. Sow Gestation Group. The new legislation is introducing group housing for gestating sows. The group housing will lead to interactions between sows, which could affect sow environment during gestation and therefore also the offspring performance. Characteristics of group-housed sows were included in current study to investigate optimal conditions for the new housing system for gestating sows. From all the analyzed gestation features from this cluster, gestation day sow entered the group had a significant effect on all grower-finishing traits (Fig. 4) and number of sows in group had a significant effect on FI.
Sows that were mixed early in gestation (during the first 8 d after insemination) had better performing offspring than the sows that entered a group later (Fig. 4) . During the first 8 d of gestation most sows were moved from the individual crate, where the insemination took place, to the gestation pen, where they were housed with other sows. For only 125 gestations (out of 2,521), sows were introduced to the group later, between the ninth and the 28th day of gestation. Thus, for these 125 gestations, the sow entered a gestation group at different stage of gestation than the other sows in that group. A sow could stay longer in individual crate for several Figure 2 . The effect of sow average feed refusals during 45 to 80 d of gestation as class variable (■), as a deviation from the class with most observations, 0 kg of feed refusals, for: growth rate of grower-finishing pigs (P = 0.1; GR; g/d), growth rate of grower-finishing pigs fed restricted (P = 0.5; GR-restr; g/d), and growth rate of grower-finishing pigs fed ad libitum (P = 0.1; GR-adlib; g/d). ▲: linear variable (GR: P = 0.03, GR-restr: P = 0.2, and GR-adlib: P = 0.01); •: linear and quadratic variable (GR: P = 0.1, GRrestr: P = 0.4, and GR-adlib: P = 0.1). Standard deviation of GR is GR σ = 95.4. Significance level based on the MIXED procedure (SAS Inst. Inc., Cary, NC). reasons, for example, potentially failed insemination or health problems. The new European Union legislation for group housing of gestating sows allows the creation of groups 21 d after insemination. Introducing sows to a new gestation group is a stressful moment for a sow, which could affect the reproduction of the sow (Spoolder et al., 2009) . Literature, however, shows contradicting results. Kirkwood and Zanella (2005) showed that farrowing rate was significantly greater in sows mixed on the second day (86%) of gestation in comparison with sows mixed on the 14th day (70%), indicating that mixing early in gestation is better for sow performance. But Bokma (1990) showed 20% return to estrus in sows mixed on the first week of gestation in comparison with 10% return rate when mixing in the fourth week. Results of the current paper suggest that mixing of the sows should take place already within the first 8 d after insemination. However, if the sow had health problems before entering the group, this could also affect the offspring. Therefore, the effect of day of mixing the sows might not be the only factor causing differences between offspring performance.
Number of sows in a group had significant and negative effect only for FI [-9 (g/day) /an additional sow in a gestation group(group_member); P = 0.04; results not shown]. The estimated effects of gestation group size on GR traits were also negative but not significant (results not shown). Size of gestation group is an important topic in a debate on group-housing system (Spoolder et al., 2009) . Negative effect of number of sows shown in current study may be due to a difference in the interactions among sows in small vs. large groups. The impact of gestation group size has been investigated in studies on sow behavior, stress levels, and aggression (Brouns and Edwards, 1994; Boyle et al., 2002; Anil et al., 2006) . However, there is no or little evidence of an optimal gestation group size (Arey and Edwards, 1998; Kongsted, 2004; Spoolder et al., 2009) . Nevertheless, our results indicate that smaller gestation groups (<20 sows) are a better choice when considering performance of offspring.
Gestation group also had a significant effect on grower-finishing traits (results not shown). The significance of gestation group is partially caused by the fact that each studied gestation group produced 1 of the batches in which the grower-finishing pigs were born. This means that gestation group and batch effects were confounded in the model.
Based on the results from this cluster of sow gestation features, no definite recommendations can be made for group housing of gestating sows.
Estimated Effect of Sow Gestation Features on Grower-finishing Traits. The current study focused on the effect of 3 clusters of sow gestation features (sow body condition, FR, and gestation group) on grower-finishing pigs' growth and FI. Sow gestation features from all the clusters explained 1 to 3% of the total phenotypic variance in grower-finishing pigs (based on estimates from Table  6 and Table 7 ). Therefore, effects of gestation features were significant and literature supports those findings. However, the estimated effects of gestation features were small. Similar size of the estimates for grower-finishing traits was reported by Sell-Kubiak et al. (2012) for the effect of sow history features on GR and FI. The effect of gestation day sow entered group as class variable (■), as a deviation from the class with most observations, third day of gestation, for: growth rate of grower-finishing pigs (P = 0.06; GR; g/d), growth rate of grower-finishing pigs fed restricted (P = 0.04; GR-restr; g/d), and growth rate of grower-finishing pigs fed ad libitum (P = 0.1; GR-adlib; g/d). ▲: linear variable (GR: P = 0.04, GR-restr: P = 0.04, and GR-adlib: P = 0.7) and •: linear and quadratic variable (GR: P = 0.9, GR-restr: P = 0.9, and GR-adlib: P = 0.6). Standard deviation of GR is GR σ = 95.4 and SD. Class "18" represents the sows that entered a gestation group between d 14 and 28 of gestation. Significance level based on the MIXED procedure (SAS Inst. Inc., Cary, NC).
Investigation of Impact of Sow Gestation Features on Permanent Sow and Common Litter Effects
Permanent Sow and Common Litter Effects. After the identification of significant gestation features, the second objective was to investigate whether those features can account for the variance in grower-finishing traits due to permanent sow and common litter effects. Gestation features selected per grower-finishing trait for "all sow features" model are indicated by the footnote in Table 6 and Table 7 .
The estimates of s 2 from the base model are small but in line with literature (Ferraz and Johnson, 1993; Crump et al., 1997; Chen et al., 2002; Johnson et al., 2002) . The estimates of c 2 from the base model (Table 8) are in agreement with those reported in previous studies, where similar (Bergsma et al., 2008) or the same data were used (Sell-Kubiak et al., 2012) . As shown in those previous studies, in the model with random group effect, c 2 is less than expected from literature (Bidanel et al., 1996; Johnson et al., 2002; Neugebauer et al., 2010) . That is caused by partial confounding between common litter and group, because groups in finishing stage are not composed from unrelated grower-finishing pigs only but also contain full sibs.
When comparing the base model with "all sow features" model, estimates of c 2 were not affected, except for FI were it decreased considerably (Table 8) . Therefore, sow gestation features were unsuccessful in explaining the variance due to common litter effect for growth related traits whereas for FI gestation features explained half of the variance due to the common litter effect. For s 2 when comparing the base model with "all sow features" model, estimates of s 2 decreased for GR-restr and FI and were not affected for GR and GRadlib. The sow gestation features explained phenotypic variance due to permanent sow effects for GR-restr and FI, because for these grower-finishing traits this effect decreased to (near) 0. However, s 2 effect is small and also it is not a common practice to include permanent sow effect in models for grower-finishing traits (Ferraz and Johnson, 1993; Crump et al., 1997) . Those conclusions are in agreement with a previous study were features from sow early life (history features) were used to explain mechanisms underlying the observed common litter and permanent sow effects (Sell-Kubiak et al., 2012) . However, the sow gestation features better explained the estimated common litter effect. Additionally, the estimates of residual variance in GR related traits almost did not change but for FI decreased by 17% (Table 8) .
Conclusions
Sow gestation features have significant effects on grower-finishing traits. Those features, however, explained 1 to 3% of the total phenotypic variance in grower-finishing pigs and only a small proportion of phenotypic variance due to permanent sow and common litter effects. Therefore, there is a small potential for improving grower-finishing pigs performance by implementing sow gestation features in practice. 3 GR = growth rate; GR-restr = growth rate of grower-finishing pigs fed restricted; GR-adlib = growth rate of grower-finishing pigs fed ad libitum; FI = feed intake.
